In this work, we demonstrate that the use of the scanning electrochemical microscopy in 2 transient mode allows the investigation of adsorbate intermediates at a polarized 3 interface. Two different systems were studied. In the case of a competitive adsorption 4 involving halide and hydrogen, the contribution of each element was monitored 5 independently. Interestingly, the simultaneous measurement of the electrochemical 6 impedance allowed the complex differential capacitance for each adsorbed species to be 7 calculated. In the case of the iron dissolution, the formation of a monovalent Fe species 8 was evidenced allowing to discriminate between different dissolution mechanisms 9 previously described in the literature. 10 11
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Introduction 1
Electrochemical impedance spectroscopy, EIS, has been widely used for investigating 2 complex electrochemical mechanisms such as those involved in corrosion or metal 3 dissolution [1] [2] [3] [4] [5] . When combined with one or more other potential-modulation based 4 techniques, it allows multiple transfer functions to be determined offering the possibility 5 of gathering simultaneously various type of data. For instance, the kinetics and the 6 exchange of ions and molecules inside a thin polymer film has been investigated using 7 ac-electrogravimetry method [6] [7] [8] , whereas the use of a double-excitation technique 8 allowed the investigation of the double layer relaxation [9] [10] [11] . 9
It has also been shown that the rotating ring-disk electrode (RRDE) allows the 10 investigation of electrochemical and coupled chemical reactions [12] [13] [14] . In their 11 pioneering work, the group of Albery has used the alternating current measurements for 12 defining a complex collection efficiency as the ratio of the ac-current collected at the ring 13 to the ac-current generated at the disk [15] [16] [17] . This approach was successfully used for 14 characterizing the formation of thin films at an electrode surface [18, 19] , and was 15 extended to channel flow double electrode for the study of the iron dissolution [20] . 16 Scanning electrochemical microscopy (SECM) also allows the investigation of the 17 electrochemical interface using a microelectrode as a collecting electrode [21, 22] . 18 SECM has been successfully used to investigate intricate systems such as those 19 encountered in corrosion [23] [24] [25] [26] [27] [28] [29] , for performing the dosing of adsorbed intermediates 20 (electro)generated on a substrate using the surface interrogation mode (SI-SECM) [ 
In the right hand-side of Eq.(2), the first term is the inverse of the complex collection 5 efficiency on the tip,
. For this technique, a simple redox reaction has 6 to be chosen on the tip (i.e. a kinetically fast electrochemical reaction non complicated by 7 any coupled chemical reaction) in order to maintain its value frequency independent. 8
The second term is the complex transport coefficient,
, corresponding 9 to the mass transport contribution of electroactive species between the substrate and the 10 tip collector electrode. This contribution always exists and can be determined 11 experimentally. Fig. 1 shows an example of the Nyquist representation of the complex 12 collection efficiency measured for a SECM experiment when using ferricyanide as redox 13 mediator. The potential of the Pt substrate was set at 0.465 V/SHE and the Pt-14 microelectrode (tip) was biased at 0.745 V/SHE to oxidize the collected Fe 2+ species. 15
When an ac-perturbation was applied to the substrate, the ferrocyanide ions diffuse in 16 solution and are detected at the tip. The shape of the curve (a semi-cardioid) is very 17 similar to the curves obtained with the RRDE system [18, 19] or with a channel flow 18 double electrode system [20] . The low frequency limit corresponds to the steady-state8 collection efficiency, whereas the high frequency limit was about 100 Hz, which is larger 1 than with other generator / collector systems and depends on the probe-to-substrate 2 distance as expected [20] . At higher frequency, the small tail was ascribed to the ohmic 3 coupling between the two working electrodes as already pointed out for a generator / 4 collector system by Gabrielli et al. [40] . Thus, the collection response is similar to that of 
where n sub is the number of electrons involved in the electrochemical reaction at the 17 substrate, and F the Faraday constant. In the frequency domain, Eq.(3) can be rewritten in 18 dimensionless form as: 19 
This provides a unique way of determining the relaxation ascribed to the charge stored at 12 the interface during the electrochemical process. 13
In the following section, this new technique will be used for the study of competitive 14 adsorption between hydrogen and bromide ions on a Pt substrate and for the dissolution 15 mechanism of iron. 
-----Figure 2 -----7
In the presence of bromide ion, the schematic representation of competitive adsorption 8 between the bromine and hydrogen is presented in Fig. 2b . 9 Br 2e 
The presence of bromide significantly alters the adsorption of hydrogen resulting in the 5 gradual disappearance of the adsorption/desorption peak at about 0.260 V/SHE. 6
Concomitantly, the peak at 0.135 V/SHE increases with the bromide ion concentration, 7 which confirms the competitive adsorption of bromine and hydrogen. 8
In this case, the total exchanged charge involved through the competitive formation of the 9 hydrogen and bromine absorbed layer is the sum of the charge required for the adsorption 10 of each species, is maintained at 0.645 V/SHE to reduce the Br 2 generated at the substrate). In both cases, 11 the HF limit tends towards 0 because in the frequency domain, the impedance is governed 12 purely by the charge transfer resistance. The low frequency limit corresponds to the 13 charge accumulation at the electrode surface, i.e., 1 mFcm ) which confirms the hypothesis of competitive adsorption of 2 bromide ions on the site occupied by hydrogen on platinum substrate. It should also be 3 mentioned that because both electrodes (tip and substrate) are made from the same 4 material and were prepared following the same experimental procedure (grinding, 5 washing, electrochemical cleaning), the roughness factor for each electrode was assumed 6 to be the same. This allows expecting that the complex collection efficiency to be 7 independent of this roughness factor. 8
In addition, the time-constant for the relaxation of ads H at the electrode surface without 9 the bromide ion in solution is about 2 Hz [34]. This frequency points to a kinetics ten 10 times faster than the value determined in presence of bromide ions (Figure 4 ). All the 11 characteristic constants extracted from these experiments are reported in Table 1 . This 12 behavior indicates a change in the mechanism and kinetics of adsorption of hydrogen in 13 presence of a competitive adsorption. 14
Mechanism of iron dissolution in acidic solution 15
The dissolution mechanism of iron in an acidic solution has been the topic of controversy 16 [44] . Two different mechanisms were considered based on the interpretation of current 17 potential curves and electrochemical impedance diagrams [44] [45] [46] Thus, mass and charge balances can be expressed as 6
where  is the fractional surface coverage of At steady-state, the fractional surface coverage is given by 13
The impedance of the substrate is given by 15
allowing the collection efficiency to be calculated as 17 The mass and charge balances can then be expressed as 6
The flux of electrogenerated species at the substrate is also given by 9
At steady-state, the fractional surface coverage is given by 11
The impedance of the substrate is given by 13
allowing the collection efficiency to be calculated as 15 Figure 5 -----3 Fig . 5 shows the experimental impedance diagrams measured at the onset of the 4 dissolution peak of pure iron as a function of the electrode potential. In each case two 5 loops are evidenced, a high frequency capacitive one corresponding to the double layer 6 capacity-charge transfer resistance and a low frequency inductive one generated by the 7 frequency response of the surface coverage by the adsorbed reaction intermediate. These different behavior is observed. In the case of Bockris' mechanism, the collection 1 efficiency locus overlap in amplitude and a small frequency shift can be observed (Fig.  2   7a ) whereas for Heusler's mechanism, the amplitude of the complex collection efficiency 3 is potential dependent (Fig. 7b) . As the potential increases, the high frequency limit 4 increases corresponding to a change of the kinetic process at the substrate under the 5 assumption of vanishing variations of the superficial concentration. These results compare favorably with the theoretical curves presented in Fig. 7a  11 indicating that the Bockris' mechanism allows a quantitative description of the iron 12 dissolution valid at low current densities and low pH [1, 2] . Thus the transient SECM 13 allows distinguishing between different possible mechanisms. It should be mentioned that 14 for experiments performed at higher potentials (thus for larger steady-state dissolution 15 current), no reliable results could have been obtained. This was ascribed to the fact that 16 under high dissolution rates the distance between the Pt-probe and the iron substrate 17 varies too quickly compared to the time-scale of the impedance acquisition rate. 18
Conclusions 19
In this work, we have highlighted different intakes that can be obtained using the SECM 20 in transient mode in order to characterize an electrified interface. 21
In the case of competitive adsorption between halide ions and hydrogen, it was shown 1 that it is possible to discriminate between the different species and to evaluate 2 independently the charge exchanged for each adsorbate. 3
In the case of the formation of an adsorbate intermediates like Fe(I) species, the complex 4 collection efficiency of the substrate can decide between different mechanisms and 5 appears to be a complementary approach to the usual impedance measurements. 6
The perspectives of this work are the investigation of reaction mechanism on well 7 oriented materials such as the absorption and the competitive adsorption on single 8 crystals and the investigation of the passive film formation and passive film reactivity as 9 a function of the grain orientation. 10 
